Introduction
Since its introduction in medical practice, arthroscopy has become the default method in the diagnosis and treatment of numerous knee conditions, being accredited as safe and having few complications [1, 2] . Vascular complications, in particular, are extremely scarce, and the literature reports only a few cases of iatrogenic vascular traumas after this type of surgery [3, 4] . Starting with a case report, we made a detailed review of the literature, with the purpose of identifying and analyzing the type of iatrogenic vascular lesion following knee arthroscopy and the method of vascular repair. Due to matters regarding the complexity of the vascular reintervention, we define major traumas as lesions which strictly concern the popliteal vessels (artery and vein) and which require more complex vascular reconstructions as compared with the lesions of collateral branches.
To the authors' knowledge, this is the first paper presenting a detailed literature review which analyzes the major iatrogenic traumas of the popliteal vessels after knee arthroscopy.
Case report
The patient was a 33-year-old woman who had been presenting pain, instability and limited mobility of the left knee for the past 14 years and increasingly in the past 6 months. An arthroscopic exploration was performed, revealing degenerative meniscal lesions and a partial tear of both medial and lateral menisci. A partial meniscectomy and a shaving of the remnant degenerated meniscus were performed. The surgeon noticed more abundant bleeding at the moment of the resection of the posterior horn of the lateral meniscus but did not give it much importance at the time of the operation. The patient was discharged the day after the procedure, being allowed full weight-bearing. Three days after the procedure, she was readmitted with pain at the level of the left popliteal region and calf, a moderately swollen left calf, as well as a bruising mass at the popliteal level with a systolic murmur heard over it.
The vascular consultation required urgently emphasized the pulsatile mass in the left popliteal fossa, paresis at the thigh level and weak-palpable distal pulses but without clear signs of peripheral ischemia at the level of the left leg.
The Doppler ultrasonography revealed a pulsatile cystic mass adjacent to the popliteal artery (pseudoaneurysm), having a large communication neck of 6 mm between each other. At the level of the pseudoaneurysm neck, we noticed a colored and spectral Doppler signal, increased systolic velocities (> 200 cm/s), and a turbulent flux with color-aliasing phenomena (Photo 1).
The ultrasonographic diagnosis was confirmed through an angio-CT examination and, later on, angiography, which both confirmed the presence of a left popliteal artery pseudoaneurysm (Photos 2 A and B).
The left popliteal pseudoaneurysm (5 × 7 cm) encountered during the surgery was evacuated and the artery was covered with a saphenous venous patch. The immediate postoperative evolution was uneventful, with no signs of peripheral ischemia. The follow-up at 12 months after the surgery found the patient with no clinical complaints and no signs of residual peripheral ischemia. Written consent was obtained from the patient for the case publication.
Methods
A PubMed literature search was undertaken to locate all reported cases of major vascular iatrogenic injuries during arthroscopic knee procedures. Keyword search terms included iatrogenic vascular injuries AND arthroscopy, popliteal pseudoaneurysm AND arthroscopy, popliteal arterio-venous fistula AND arthroscopy, and other derivations of these terms.
Under the term of major iatrogenic vascular trauma after knee arthroscopy, we included those lesions which strictly concerned the popliteal artery and vein, clearly documented through imaging and confirmed in the surgery. On the other hand, we excluded cases in which the vascular lesion concerned the collaterals of the popliteal vessels or muscular branches on the basis of their reduced severity and complexity from the strict point of view of a vascular surgeon. Furthermore, we also excluded cases in which the iatrogenicity might be debatable, such as acute postoperative popliteal artery occlusion due to/apparently determined by underlying atherosclerosis, thrombosis, the use of pneumatic tourniquet or arterial spasm. When considered appropriate, a statistical analysis was applied by using the c 2 test (Z test); the results were interpreted relative to the significance threshold p = 0.05, and statistical significance was considered for p-values below the significance threshold value.
Results
We identified 39 papers which report a total of 62 cases of major iatrogenic popliteal lesions after knee arthroscopy (including the case presented here) in a period of 30 years (1985-2014) [1, 2, . Data regarding the type of arthroscopic intervention performed, the type of iatrogenic vascular lesion encountered, the time passed until its discovery and treatment, the method of vascular reconstruction, and the postoperative course are presented in Tables I and II 
Discussion
Knee arthroscopy is a widespread technique considered to be safe and with a reduced overall rate of complications [1, 2] . Among these, vascular complications are exceptionally rare [2] . The studies concerning large series of knee arthroscopies do not describe this type of complication in particular [4] , whereas the ones which do report such cases describe extremely reduced rates of complications, between 0.003% and 1% [1, 2] , and were written more than 30 years ago. However, the literature repeatedly reveals case reports and short series concerning this type of lesion. Therefore, we could consider the possibility that the previously mentioned numbers are underestimated, perhaps even due to the legal implications surrounding this diagnosis.
Our study concerns iatrogenic vascular lesions encountered after knee arthroscopy. From the analysis, we excluded case reports which described what we considered to be minor vascular popliteal lesions, such as genicular, tibial, and muscular vessels, which all are considerably easier to treat from the point of view of a vascular surgeon. Consequently, we only analyzed major iatrogenic popliteal traumas, whose repairs were dependent on the use of complex vascular procedures, i.e. saphenous vein graft, arterial reconstruction, or angioplasty patching.
As the majority of the authors have shown that demographic data (gender, age) and the cause of knee injury have no impact on complications [5, 6, 13 , 18], we did not include these variables in our analysis. The major vascular lesions in our literature review were identified after diagnostic knee arthroscopies, cruciate ligament (CL) reconstructions, popliteal cyst excisions, synovectomies or meniscectomies (Table II) . Hence, Janseen et al. [28] reported one case of popliteal pseudoaneurysm after the anterior CL repair, the lesions being produced by the drilling of the bicortical tibial screw for fixation of the graft. Another case of popliteal pseudoaneurysm reported by the same author was excluded, being apparently a pre-existing traumatic lesion [42] . Other authors have reported similar or different types of major popliteal vascular injuries after CL reconstruction [7, 29, 31, 37, 40] , including what seems to be the single case of an isolated popliteal vein lesion, unfortunately associated with mortality due to a cardiopulmonary arrest [36] .
Popliteal pseudoaneurysms were also reported after cystectomies for popliteal cysts [32] or synovectomies [9, 30] , but the majority of iatrogenic popliteal lesions appeared after arthroscopic meniscectomies. Several authors have tried to explain the mechanism and predispositional factors of the occurrence of the vascular injury during the arthroscopic meniscectomy through imaging, experimental or cadaveric studies [43] . The critical moment, frequently stressed by the authors in our literature search [9] [10] [11] [13] [14] [15] [16] [17] [18] [19] , appears to be the resection of the meniscal posterior horn, as we also noted in our case. The factors which lead to this type of lesion are: close anatomical relation with the posterior capsule, forward kinking of the vessel during flexion, and limited visualization in the posterior compartment [3, 8, 9, 18] . In the majority of cases, the lesion is not noticed during the arthroscopy, being either masked by the presence of the thigh tourniquet or confused with a minor lesion of the posterior capsule, as was noted in our case as well. The iatrogenic lesion was generally followed by the appearance of a pseudoaneurysm, defined through its saccular aspect on imaging, the lack of its own wall, and extensive hematoma, and clinically manifested as a popliteal pulsatile mass. In some cases, the arterial pseudoaneurysm was associated with a venous pseudoaneurysm [8] or an AV fistula [10, 17, 19, 33, 35, 39] . Kelm et al. [23] described a case of isolated AV fistula, discovered 14 days after arthroscopic meniscectomy. The literature review also emphasizes cases with a partial or complete popliteal artery and sometimes vein laceration [12, 29] , which, surprisingly, were not all discovered immediately after the arthroscopic procedure [34] .
In rare situations, the symptomatology was evident immediately after the surgery, allowing for a quick diagnosis, in the form of either severe limb ischemia [9, 11, 18] or abundant bleeding through the level of an arthroscopic port [12] . However, almost 30% of patients with post-arthroscopic popliteal pseudoaneurysm could be asymptomatic [31] . In more than one third of the reviewed cases the onset was insidious, more than 15 days after the initial orthopedic surgical procedure, with symptoms including the presence of a painful pulsatile mass in the popliteal hollow, a swollen calf, or some degree of arterial deficiency. Sometimes the lesion was misinterpreted as a deep venous thrombosis (DVT) [20] , much more frequently encountered after orthopedic surgery and which may also be associated with arterial trauma [20, 26] . An important clinical detail in differentiating these two complications is represented by the association of pain symptoms, unspecific to DVT, as we noted in our case. In cases in which an arteriovenous fistula (AVF) is encountered the classical symptoms of arterial insufficiency are mixed with those of venous insufficiency manifested by edema, venous hypertension and varicosity; unrecognized AVF may also be followed by cardiac insufficiency [41] .
The imaging was based firstly on performing a duplex Doppler, which could confirm the clinical diagnosis. However, the surgical treatment required more detailed anatomical information, provided by arteriography, CT angiography or magnetic resonance angiography. In the present case, we preferred to perform an urgent angio-CT scan, as well as angiography, in order to obtain a more detailed evaluation of the case.
A delayed diagnosis can have disastrous consequences for the viability of the affected inferior limb, with percentages of below knee amputations reaching 50% in some cases [1, 2] . Tawes et al. [9] described a series of 5 patients in whom 3 of the cases with late diagnosis and late vascular reintervention led to an unfavorable postoperative evolution, ending with an amputation in one case. In a series of 118,540 arthroscopic interventions, De Lee [1] reports six incisive lesions of the popliteal artery, with four patients ending with amputations. In our review we noted that the diagnosis was delayed (more than 30 days) in 19.35% of the situations. The type of vascular reinterventions performed in the 62 cases of major iatrogenic popliteal lesions were case specific, dependent on lesion type and location. The majority of authors preferred a vascular reconstruction through a bypass with reversed saphenous vein graft [5, 7, 13, 17, 18, 22, 37] . The synthetic graft (expanded polytetrafluoroethylene -ePTFE) was favored by few [8, 19, 34] ; Jimenez et al. [8] described the sole case in which a double arterial and venous bypass with a PTFE graft was performed. Complex popliteal artery reconstructions by means of termino-terminal anastomoses are also reported in a few patients [10, 11, 15] . Of the remaining cases, most underwent either a pinpoint suture of the injured vessel [6, 9, 20, 32, 33] or the covering of the arterial defect with a venous patch [24, 26, 28] , as done in our patient. In the last period therapeutic embolizations of popliteal aneurysms were also done successfully [35, 38, 39] . The association of an AVF fistula required its dismantling and a venous suture. Popliteal aneurysms are frequently complicated with thrombosis, the risk of distal embolization and subsequently limb loss being high; Tawes et al. [9] highlight the importance of routinely "pass[ing] distally a thrombectomy catheter to rule out and retrieve any clots that may have embolized".
The majority of the authors in our review emphasized the advantages of the posterior popliteal approach in dealing with this kind of lesion due to a better exposure of the popliteal neuro-vascular bundle [9-11, 13, 24, 29, 33, 34, 37, 40, 41] , the transversal incision being more favored than the S-shape incision.
Analyzing the literature, we noted that the compartment syndrome has, in some situations, been associated with major neurological [44] or vascular iatrogenic lesions, in particular in cases when signs of acute arterial insufficiency appeared immediately after the arthroscopy [11, 37] . In these cases, the vascular intervention also included a fasciotomy, with the purpose of compartmental decompression and the reduction of ischemic and neurological functional sequelae.
We stressed the fact that the majority of major vascular complications after knee arthroscopies were encountered in the first decade (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) of the study, the difference with the two following periods (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) being statistically significant. Indeed, in the first decade we found 39 re ported cases of major vascular injuries, here including the largest series of cases described by De Lee [1] , Small [2] and Tawes et al. [9] . Furthermore, the majority of amputations and sequelae following vascular lesions occurring in consequence of knee arthroscopy were encountered in the same period. Undoubtedly this observation shows the real problem of major vascular injuries caused during knee arthroscopy: from relatively often occurring at the beginning of the procedure, clearly illustrating at the time an expected learning curve, to very seldom nowadays.
In the authors' opinion, the main limitation of this study concerns the fact that in a number of cases, insufficient case data were found with regard to vascular lesions following knee arthroscopy, such that the percentage of undefined or unfound situations is significant. However, to the authors' knowledge, this study represents the first detailed review of the literature on this topic, drawing attention to the fact that postarthroscopy vascular complications are infrequent but potentially disastrous for the condition of the affected inferior limb. The consequences include irreversible ischemia, compartment syndrome, permanent neurological impairment, limb loss and even lethality. An early diagnosis and reintervention are mandatory for a good postoperative outcome. Orthopedic surgeons should keep in mind that this kind of complication could be encountered after knee arthroscopy and should be able to recognize its clinical picture.
